According to European Union Council directive 2001/83, an application for the marketing authorization of a medicinal product shall be accompanied by an environmental risk assessment, including an exposure assessment. Computerized exposure models constitute an important tool in predicting environmental exposure to substances yet to be introduced on the market. This paper reports the process of identifying appropriate exposure models for estimating PECs (Predicted Environmental Concentrations) for pharmaceuticals and veterinary products, focusing on emissions to Swedish aquatic and terrestrial environments via water and sludge from sewage treatment plants. From a large number of information sources, a set of 181 potentially relevant exposure models was identified. A process of scrutinizing and testing these models resulted in a final selection of two models, namely SimpleTreat 3.1 that is used to estimate distribution and elimination of chemicals in sewage treatment plants (resulting in a PEC), and VetPec, suited for veterinary products, that estimates PEC in soil (including pore water), groundwater, and surface water. It is concluded that there is still potential for further development of exposure model(s) specifically designed for pharmaceutical emissions to the Nordic environment and climate. Furthermore, increased regulatory data requirements would facilitate the use of existing models, and improve the quality of the output data from these models.
Introduction and background
According to the European Union Council directive 2001/ 83, an application for the marketing authorization of a medicinal product for human use shall be accompanied by an environmental risk assessment. In 2003, a draft technical guidance document for such a risk assessment was published by the European Medicines Evaluation Agency (EMEA, 2003, draft) . According to these guidelines, the environmental risk assessment consists of two phases. In the first phase, the exposure of the environment to the pharmaceutical substance is predicted. For this part of the assessment, no particular ecotoxicological fate and effect data are required by the legislation (EMEA, 2003, draft) . In the second phase, data on the inherent properties of the substance (physicochemical, pharmacological and toxicological) should be obtained and assessed in relation to the predicted exposure. However, if no risk is foreseen in the first part, then proceeding to the next phase is not required. If on the other hand a potential risk is predicted in the first part, that is if the concentration of a product in surface water is predicted to be equal to or higher than 0.01 mg/l, then the fate and effect of the product in relevant environmental compartments should be ''adequately investigated '' (EMEA, 2003, draft) . The test results that are required in the second phase are the following: water solubility, dissociation constant, UV-visible adsorption spectrum, melting temperature, n-octanol/water partition (K ow ), adsorption-desorption, and aerobic and anaerobic transformation in aquatic sediment systems. Furthermore, the following tests are listed as ''optional'': vapor pressure, ready biodegradability, photolysis, and hydrolysis as a function of pH (Tier A, screening data set, EMEA, 2003, draft) . According to the technical guidance document, the purpose of requiring these data is to assess the fate of the substance in the environment, in particular, to assess if the substance is PBT (i.e., persistent, bioaccumulating, and toxic), or even vPvB (very persistent and very bioaccumulating).
Empirically obtained exposure data (i.e., monitoring data) are available only for a few substances already in commerce. To predict environmental exposure to substances yet to be introduced on the market, computerized exposure models are important tools. A very large number of such models are available; however, a standardized methodology for PEC calculation for pharmaceuticals, agreed on at the EU level, is still lacking. The purpose of this project was to first investigate the availability of exposure models and second to identify, and select appropriate exposure models for estimating PECs (Predicted Environmental Concentrations) for pharmaceuticals, focusing on emissions to Swedish surface waters and terrestrial environments via water and sludge from sewage treatment plants. Emissions of pharmaceuticals to the environment occurring directly from households not connected to a sewage system and a sewage treatment plant is not taken into account. (In the Swedish city regions, most households are in fact connected to a sewage system including sewage treatment.) Furthermore, emissions to air via the burning of waste are neither taken into account. The models were selected focusing on the overall purpose of using them for performing environmental risk assessments of a limited number of pharmaceuticals and veterinary products as a part of a project at the Swedish Medical Products Agency on the environmental effects of pharmaceuticals.
The purpose of the present paper is to discuss the availability of exposure models for estimating environmental concentrations of pharmaceuticals in the Nordic climate, and to discuss the usefulness of these models in relation to the data requirements in the current legislation. Even though the legislation states that it is the producers of pharmaceuticals that are responsible for performing exposure-and risk assessments of their products, we think that it is valuable to broaden the discussion about these issues to include also others than those that are regulatory required to be involved. We hope that this work may contribute to such a broadened discussion. The actual result of the risk assessments can be found in a report from the Swedish Medical Products Agency (2004).
Categorizing Exposure Models
The purpose of many environmental exposure models is to estimate a PEC for a substance of concern. However, besides this common feature, available models differ in many respects. Therefore, exposure models can be categorized on the basis of a number of criteria, focusing on different aspects of the model. The criteria need not be mutually exclusive, but can complement each other, helping the user to identify an appropriate model.
In Europe, exposure models are often categorized according to:
1. The precision of the model (screening, primary, or secondary models). 2. The size of the modeled environment (local, regional, or continental models). 3. The assumed underlying algorithm (deterministic or stochastic). 4. Process, time-dependent or result-oriented models (mechanistic or functional).
In the United States, their ''screening level tool'' corresponds to the European ''screening'', and ''higher-tier tools'' to The CEAM has developed exposure models for aquatic, terrestrial, and multimedia environments for organic chemicals and metals (www.epa.gov/ceampubl, 2003-09) .
OPPT has developed a number of methods for exposure assessments, including databases and models to estimate the fate and behavior of chemicals when emitted into the environment (www.epa.gov/oppt/exposure, 2003-09) .
CEMC is a Canadian group of researchers located at Trent University, Ontario, Canada. One important reason for prioritizing this information source is the similarities in climate between Canada and Sweden.
EMEA is as previously mentioned the European Union agency for evaluation of medicinal products and it has developed guidelines for environmental risk assessment of pharmaceuticals and veterinary products (EMEA, 2003) . In these guidelines, a number of exposure models are recommended. (None of these models are, however, developed by EMEA.)
FOCUS is an organization initiated by the European Commission. The objective of FOCUS is to produce PEC values for active ingredients in pesticides according to directive 91/414/EEC. FOCUS has developed a number of specific scenarios for pesticide use. These scenarios are based on available exposure models, but are adjusted to estimate emissions of pesticides to aquatic environments and to groundwater. The models used in these scenarios can all be used separately (Mark Van Liedekerke, personal communication, 2003-12-31) , and they can also be used for other substances than pesticides (Michael Klein, Fraunhofer Institute for Molecular Biology and Applied Ecology, personal communication, 2003-10-14) . The main reason for prioritizing FOCUS is that EMEA recommends two of their models.
The OECD model database is very extensive and contains information about a large number of models used to evaluate health and environmental risks and exposure potential in OECD member states. The models in the OECD database are categorized according to their scope into the following five categories: (1) physicochemical properties, (2) human health hazard, (3) human health exposure, (4) environmental hazard, and (5) environmental exposure. The models in category 5 (environmental exposure) are the ones relevant to this project.
Personal communications about exposure assessment of veterinary products have been used to identify models for evaluating environmental risks posed by veterinary products (Chris Van den Eede, Pharmacia, 2003-10-06; Jan Koschorreck, UBA, German Environmental Protection Agency, 2003-09-29; Mark Montforts, RIVM, 2003-10-01; Alex Tait, VMD, Veterinary medicines Directorate, 2003-10-02) . Currently, there are no harmonized European Union recommendations regarding the use of exposure models for veterinary products. The national agencies use different models. Harmonized recommendations will, however, be developed in the future (Kornelia Grein, EMEA, personal communication, 2003-10-17) .
RIVM and Alterra are research institutes cooperating with the public health and environment agency in the Netherlands. RIVM and Alterra have developed a number of models, for instance, USES (Uniform system for the evaluation of substances), the model preceding EUSES 1.0 (European union system for the evaluation of substances) that is the most widely used exposure model within the European Union (Stellan Fischer, Swedish National Chemicals Inspectorate, personal communication, 2003-09) .
Server for ecological modeling is a database developed by the University of Kassel in Germany, in cooperation with GSF (National research center for environment and health). The database currently (October 2003) contains 648 models and 85 of these are applicable to the aquatic environment (Alex Tait, VMD, Veterinary medicines Directorate, personal communication, 2003-10-02) .
Identification of Relevant Models
From the above-mentioned information sources, 181 exposure models were identified. Further selection of models was made on the basis of a set of criteria, namely that the model should:
Be able to model emissions from sewage treatment plants for pharmaceuticals or emissions to terrestrial areas for veterinary products (via the spread of animal manure). Provide PEC or BCF (bioconcentration factor) values. Be available for free, or at a low cost. Be able to make both conservative and less conservative estimations, that is, the model should be able to make realistic worst-case assumptions that could be refined with more relevant data, if available. Be able to model substances used as active pharmaceutical ingredients. Be generic (not specific for a certain region or local area), or be area specific and suitable for Sweden (i.e., the northern parts of Europe). Be transparently described and without confidential calculations.
The work with identifying models fulfilling these criteria was performed by comparing the models one by one to these criteria. A model was excluded as soon as it was clear that one (or more) of the criteria was not met. Of the 181 selected models, 34 were found to potentially fulfill the abovementioned criteria and therefore selected for further study. A limited search for published validation studies was also performed, but no validation study directly applicable to the scope of this project (i.e., pharmaceuticals in the Nordic environment) was found. The excluded models are listed in Table 1 , in this table the criteria by which the exclusion was made are also indicated. The remaining 34 models are listed in Table 2 . A number of different combinations of these models have the potential to model the environments prioritized in this project. Therefore, to narrow this selection further, we focused on finding at least one combination of these models that covered the prioritized environments. At this stage, we prioritized models that provide a PEC value to Table 1 . Criteria for the initial exclusion of models.
From the above-mentioned information sources, 181 exposure models were identified. Further selection of models were made on the basis of a set of criteria, namely that the model should:
1. Be available in the English language. 2. Be able to model emissions from sewage treatment plants for pharmaceuticals or emissions to terrestrial areas for veterinary products (via the spread of animal manure). 3. Provide PEC or BCF (bioconcentration factor) values. 4. Be available for free, or at a low cost. 5. Be able to make both conservative and less conservative estimations, that is, the model should be able to make realistic worst-case assumptions that could be refined with more relevant data, if available. 6. Be able to model substances used as active pharmaceutical ingredients. 7. Be generic (not specific for a certain region or local area), or be area specific and suitable for Sweden (i.e., the northern parts of Europe). 8. Be transparently described and without confidential calculations. 9. Other short comings (see comment below).
Information sources: 1. CEAM (Center for exposure assessment modeling) and OPPT (Office of pollution prevention and toxics) 2. CEMC (Canadian environmental modeling centre) 3. EMEA (European agency for the evaluation of medicinal products) 4. FOCUS (Forum for the co-ordination of pesticide fate models and their use) 5. OECDs (Organization for economic co-operation and development) model database 6. Personal communications (for veterinary products only) 7. RIVM (National institute of public health and the environment) and Alterra 8. Server for ecological modeling Identification and evaluation of computer models Wajsman and Rude´n those that only calculated a BCF, and we reviewed the recommendations from EMEA, and retrieved recommendations from other European experts. Ideally, all these 34 models (and their combinations) should have been thoroughly analyzed and evaluated; however, time constraints did not allow for such a procedure.
This process resulted in five models being selected. These five models cover the necessary environmental compartments for the purpose of this project, and they are all recommended by either EMEA or international experts in this area. The selected models are as follows:
1. GREAT-ER 1.0.4 (Geography-referenced regional exposure assessment tool for European rivers) made available by ECETOC (European centre for ecotoxicology and toxicology of chemicals It should be noted that both PEARL and PELMO model leaching to the groundwater. At the time of this selection, we did however not have access to enough information to prioritize between the two models (they were both recommended by different experts).
Information about these models is summarized in Table 3 . Figures 1 and 2 show which environments the selected models are intended to cover for pharmaceuticals and veterinary products, respectively.
Further Testing and Exclusion of Models
The next step was to obtain access to these five models, including the corresponding user manuals and other relevant reports. These information sources and others (i.e., personal communications) were scrutinized. Four of the models were also tested in practice (all but GREAT-ER 1.0.4), in order to further identify each model's strengths and weaknesses. This analysis showed that three of the five models were in fact not The purpose of GREAT-ER 1.0.4 is to predict PEC values at the surface of running waters, such as rivers. Use of the model requires access to a Geographical Information System (GIS). If supplemented with a GIS, GREAT-ER 1.0.4 can produce area-specific calculations (Diederik Schowanek, Procter and Gamble European Technical Centre, personal communication, 2003-10-07). GREAT-ER 1.0.4 has the potential to model almost any river area (Diederik Schowanek, personal communication, 2003-10-07), but in order to do this, extensive amounts of information are necessary, such as emission data for all emission sources in the area, and collecting these data were not considered feasible within the time and resource constraints of this project. Therefore, GREAT-ER 1.0.4 was excluded from further use.
The purpose of PEARL 2.2.2. is to study emissions and distributions of pesticides in agricultural applications, but it can also be used to estimate terrestrial leakage of pharmaceuticals after the application of sludge on fields (Aaldrik Tiktak, RIVM, personal communication, 2003-10-21) . PEARL 2.2.2. is a very comprehensive model that can be used for a variety of purposes. PEARL 2.2.2. has two different interfaces: the ''PEARL user interface'' and the ''command-line version''. The command-line version requires expert knowledge and is not recommended for inexperienced users (Aaldrik Tiktak, personal communication, 2003-10-31).
There are three different degrees of complexity in the PEARL 2.2.2. model: (1) a predefined FOCUS scenario, (2) the so-called ''standard scenario'' based on data relevant to the Netherlands, and (3) a high-tier assessment. There are several predefined FOCUS scenarios. The two considered for use in this case were the ones defined for Jokioinen in Finland and for Hamburg in Germany, but according to Aldrik Tiktak (personal communication), neither of these scenarios were directly applicable to the Swedish environmental characteristics, and neither is the scenario for the Netherlands relevant (Tiktak et al., 2000) ; therefore, only the high-tier assessment option remains in this case. The high-tier assessment in PEARL 2.2.2. is facilitated by a database included in PEARL that contains detailed hydrologic and geologic information for different European areas. This enables area-specific modeling for the included areas. Unfortunately, information about the Nordic countries is not yet included in the database, due to lack of such data when it was constructed. It is intended to update the database when information relevant to the Nordic countries becomes available (Aaldrik Tiktak, RIVM, personal communication, 2003-10-31) . Furthermore, an important type of input data to PEARL 2.2.2. is half-life of the substances to be modeled, and such data were also lacking to a great extent. The combination of this lack of data, and the fact that EMEA recommends that PEARL 2.2.2. be used for high-tier modeling only (Jan Koschorreck, UBA, German Environmental Protection Agency, personal communication, 2003-11-18) resulted in the exclusion of PEARL 2.2.2. from this project.
The purpose of PELMO 3.2 is similar to that of PEARL 2.2.2., namely to model environmental pesticide emissions and distributions, but in addition to this, it can also be used Table 3 . Information on the five selected models.
GREAT-ER 1.0.4 Developed by ECETOC Scope GREAT-ER 1.0.4 is used to estimate PECs in surface waters due to point source emissions to running waters. Local and regional scenarios.
Recommended by
The model is recommended by Mark Montforts, RIVM, one of the authors of the EMEA report Note for guidance on environmental risk assessment of medicinal products for human use (Mark Montforts, RIVM, personal communication, 2003-10-01) . The model has been used for pharmaceuticals with reasonably reliable results (Diederik Schowanek, Procter and Gamble European Technical Centre, personal communication, 2003-10-07) . See also the report: Examples of exposure assessment simulation for pharmaceuticals in river basins with the GREAT-ER 1.0 system by Diederik Schowanek and Simon Webb.
Availability GREAT-ER 1.0.4 can be obtained from the ECETOC. The model is available free of charge but not the required GIS.
Area specificity GREAT-ER 1.0.4 can perform area-specific assessments and requires a GIS system. 
Further information

Availability
The model can be downloaded from viso.ei.jrc.it/focus/gw/focusgw_left.html.
Area specificity
Contains default scenarios that are specific for a couple of European cities, but the model can also perform generic assessments. Recommended by PELMO 3.2 is recommended by EMEA (in their Note for guidance on environmental risk assessment of medicinal products for human use), for use in phase II level A, and by RIVM in their report 601450016 for use as a tier 2 model.
Further information
Availability
Area specificity
Contains default scenarios that are specific for a couple of European cities, but the model can also perform generic assessments.
to estimate terrestrial leakage of pharmaceuticals after the application of sludge on fields (Michael Klein, Fraunhofer Institute for Molecular Biology and Applied Ecology, personal communication, 2003-10-07) . Since the primary purpose of PELMO 3.2 is to model pesticides and not pharmaceuticals in sludge, the required unit for the input data is in kilogram substance/hectare (1 ha ¼ 2.471 acres), while the data on the concentration of the substance in sludge from the sewage treatment plant will have the unit milligram substance/kilogram sludge. To convert the latter to the former, data on sludge density and information about the amount of sludge applied to the field (per square unit) are needed. A reasonable default assumption for sludge application is a 5 cm layer, that is, 0.05 m 3 per square meter (VMD, Recommended by SimpleTreat 3.1 is recommended by EMEA (Note for guidance on environmental risk assessment of medicinal products for human use) for use in phase II, level B.
Availability
SimpleTreat 3.1 is not available via the Internet but can be obtained from RIVM.
Area specificity SimpleTreat 3.1 is generic (not area specific). 
Further information
Scope
The use of VetPec is suited for veterinary products. VetPec combines a number of models such as FEDESA and Mackay fugacity model to estimate PEC in soil (including pore water), groundwater, and surface water. The model presumes that the animals are treated indoors (i.e., not out in the field) and that the manure is spread in the field (Alex Tait, VMD, Veterinary medicines Directorate, personal communication, 2003-10-02),
Recommended by
VetPec is recommended by Jan Koschorreck, UBA, German Environmental Protection Agency (Jan Koschorreck, personal communication, 2003-09-29) , one of the authors to the EMEA report Note for guidance on environmental risk assessment of medicinal products for human use and to EMEA's guidelines for risk assessment of veterinary products.
The calculations in VetPec constitutes a part of the requirements of environmental risk assessments to be performed in accordance with European Uniondirective 81/852/EEC, amended by directive 92/18/EC, that form the basis of the EMEA guidelines for risk assessment of veterinary products (VMD 2001).
Availability
VetPec can be downloaded free of charge at www.vmd.gov.uk.
Area specificity
Contains default scenarios that are site specific for England, but generic assessments can also be made.
Further information
See VetPec help notes that can be obtained from VMD. The report is actually about SimpleTreat 3.0, but the only difference between the two versions is that the equation for K p ¼ f oc Â 1.26 Â K ow^0 .81 in 3.1, while the equation in 3.0 constitutes a linear relationship RIVM, personal communication, 2003-10-16). 2001). It is more difficult to make an accurate estimate of sludge density, since it may vary considerably. The density depends on to what degree the sludge has been concentrated, for example, by removal of water (Jaap Struijs, RIVM, personal communication, 2003-10-31 ). An estimation of the amount of chemical applied per hectare may thus contain significant uncertainty. In the European Union Technical Guidance Document sludge density is assumed to lie between 1 and 1.5 kg/l (European Commission, 2003) . The uncertainty concerning sludge density was the main reasons for excluding PELMO 3.2. Another reason was that PELMO 3.2 requires data on terrestrial half-life (Michael Klein, Fraunhofer Institute for Molecular Biology and Applied Ecology, personal communication, 2003-10-14) , and such data are rarely available. Besides PELMO 3.2, there is also the MCPELMO model (also developed by Michael Klein). MCPELMO requires, in contrast to PELMO 3.2, the unit milligram of the substance/ kilogram sludge. Input data to this model are thus directly compatible to output data from the SimpleTreat 3.1 model (Michael Klein, personal communication, 2003-10-07) . However, testing of MCPELMO revealed that it is site specific for 22 different areas in Germany and thus not directly applicable to the Nordic environmental characteristics and climate, and therefore it was not useful in this case.
This final evaluation and selection thus resulted in the selection of two models, namely: VetPec and SimpleTreat 3.1. It should be noted that of these two models, only VetPec models groundwater.
Using the selected models A prerequisite for making reasonably reliable PEC estimations by using computerized exposure models is that a sufficient amount of relevant data to feed into the model is available. The amount and nature of data needed for the different models vary, but in most models, data on physicochemical properties, production volume, and degradation or half-life are required.
Physicochemical data (molecular weight, log K ow , vapor pressure, water solubility, etc.) are available for many chemicals, including pharmaceuticals. These data can also be estimated by QSAR modeling, for instance, by using EPIWIN 3.11 software.
Data on production volumes are usually existing, but in many cases confidential, and the access of such information requires willingness of the companies to publish it. Data on degradation and half-life under environmental conditions are not required by the legislation and hence lacking for most pharmaceuticals. (The extent to which the pharmaceutical industry has internal access to such data is unknown to us.)
In cases when results from more than one experiment are available, one may face (seemingly) contradicting data, which need to be handled when feeding the data into the models. Usually data obtained from standardized methods are given higher weight than data obtained from nonstandardized experiments. Furthermore, data obtained from experiments performed at a relevant temperature, and an environmentally relevant pH is prioritized, and data on the pure substance are often prioritized to data obtained from experiments using a mixture of substances.
Input Data to SimpleTreat 3.1
SimpleTreat. 3.1 has three categories of input data:
1. physicochemical properties, 2. emission scenario, and 3. biodegradation in activated sludge.
Category 1 includes general physical and chemical properties of the substance in question. Within category 2, the user can specify technical characteristics of the sewage treatment plant, and the amount of substance entering the process per day. Category 3 enables the user to take biodegradation in the sewage treatment plant into account. Three different standardized methods for estimating biodegradation are available within the model.
The third type of input data requires biodegradation data, and as previously noted, these data are lacking to a great extent. Therefore, when using the SimpleTreat 3.1 model, a conservative default assumption may have to be used, for example, that no biodegradation occurs. Figure 2 . Environments that the selected models are intended to cover for veterinary products.
Input Data to VetPec
Input data to VetPec can be categorized according to the following:
1. physicochemical data, 2. dosing information (and more general information) for a selected species of animal, 3. choice of application scenario for manure, 4. choice of groundwater scenario, and 5. choice of surface water scenario.
Categories 1 and 2 require substance-and species-specific data, respectively. VetPec can model a limited number of animal species, and for some of the data required in category 2 default values are available. (These default values can be changed if specific information is available.) Data in category 3 includes specific scenarios for the spreading of manure in the field. In these scenarios, many parameters are represented by changeable default values. In categories 4 and 5, sitespecific scenarios including default values (relevant to the United Kingdom) are available. Scenarios for other sites can be developed by changing the default values (VMD, 2001) . If there is uncertainty in the input parameters, it may be warranted to assign default values so as to obtain a conservative estimation of the PEC in order not to underestimate exposures. However, it should be noted that for a number of parameters, it may be difficult to realize intuitively whether a specific (default) value represents a conservative choice or not. Examples of such parameters are ''organic coal content in the soil'', and ''soil bulk density''. Data on half-life is furthermore required in VetPec, which, as stated above, is problematic. However, since VetPec was the only model that we had identified that could be used for veterinary products and that passed the other criteria, it was still selected. (As noted above, PEARL and PELMO were excluded since they require data on half-life, but this was motivated since they could be replaced by SimpleTreat, which do not require these data.)
A limitation of VetPec is that it has difficulties in handling certain intervals of vapor pressures and solubilities. If a very low value for solubility is combined with certain values of molecular weight and vapor pressure, the model becomes unstable and ''crashes''. Before this occurs, the user is notified with the following message ''Error occurred in Get Percentile Results''. A similar problem may occur if the vapor pressure is very high (Alex Tait, VMD, Veterinary medicines Directorate, personal communication, 2003-10-17) . Additional problems may arise from too low vapor pressures (VetPec is not designed to model vapor pressures lower than 10 À6 ). An analysis of the sensitivity of the model in this parameter revealed, however, that the result is (almost) independent of the value of vapor pressure in the range from 10 À6 to 1 Pa (the result is given with one decimal, and it will remain the same throughout this range of vapor pressures).
VetPec accepts either a point or a comma as decimal indicator, but can only calculate correctly if a comma is used. Unfortunately, this information is not provided by the software, and the use of a decimal ''point'' instead of a decimal ''comma'' will return incorrect results.
Discussion
The process of identifying, scrutinizing, and testing a large number of exposure models resulted in a final selection of SimpleTreat 3.1 that is used to estimate distribution and elimination of chemicals in sewage treatment plants (resulting in a PEC), and VetPec, suited for veterinary products, that estimates PEC in soil (including pore water), groundwater, and surface water.
A crucial issue in exposure modeling is the degree of relevance of the output data. This in turn depends on the accuracy and relevance of the input data and on the degree of relevance (or conservatism) inherent in the model. It is uncommon that accurate and relevant data are available for all specific parameters, and therefore default values used in the model will in many cases be significantly influential in the output data.
In many higher-tier models, changeable default values are common. It should be noted that in these models the preset default values are not always conservative, they may represent an average or median value in order for the model to be (more or less) generally applicable to different environments and substances. If default values are used, the degree of conservatism in the result can therefore not be taken for granted. In relation to this, it is important to notice that default values are not necessarily conservative in all cases. For instance, in complex models that estimate PECs for multiple compartments, it is usually not possible to select default values that maximize PECs for all compartments at the same time. The value of log K ow in SimpleTreat 3.1 is one example. Depending on whether this value is high or low, the substance will be distributed to either the organic phase (sludge) or to the water phase, since the value of log K ow determines the substance's distribution between the organic and the water phase. Further review and comparisons of different default values are wanted, and such an investigation should serve as a basis for a thorough discussion on their adequacy in the context of the Nordic environment.
The degree of conservatism can furthermore be difficult to assess. Examples are how the parameters ''total organic coal content'' and ''soil bulk density'' should be set in order to make a reasonably conservative PEC calculation for different substances. This is not to say that it is not possible to make an assumption that gives a conservative PEC estimate, merely that it may require specific expertise.
A central issue in exposure models is parameter sensitivity, that is, how much a change in an input parameter affects the results. For instance, EUSES is very sensitive to changes in log K ow , that is, only a small change in that value has a large impact in the modeling of the behavior and fate of the substance in the environment. Therefore, the RCR ratio can vary drastically between compartments even though the value for K ow has been changed only marginally. Other parameters with high sensitivity in many models are the amount of the modeled substance, and degradation and half-life data. It is thus of high importance that these data are made available for any substance to be assessed with the help of these models. Currently, relevant degradation and half-life data are not automatically required according to the legislation and thus often lacking (or at least not publicly available).
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